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A light emitting device includes a light source capable of 
emitting emission light, a first phosphor layer and an optical 
waveguide. A first phosphor layer has at least a first Surface 
and a second Surface on an opposite side of the first Surface, 
extends in a light guiding direction, and is capable of absorb 
ing the emission light and emitting first wavelength converted 
light having a longer wavelength than the emission light. The 
optical waveguide has a reflector. And the optical waveguide 
has an input Surface of the emission light, a reflection Surface 
being in contact with the first surface of the first phosphor 
layer and provided on a surface of the reflector, and an output 
surface spaced from the first phosphor layer. The reflection 
Surface and the output surface extend in the light guiding 
direction. 
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LIGHT EMITTING DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from the prior Japanese Patent Application No. 
2010-246692, filed on Nov. 2, 2010; the entire contents of 
which are incorporated herein by reference. 

FIELD 

0002 Embodiments described herein relate generally to a 
light emitting device. 

BACKGROUND 

0003 Emission light in the ultraviolet-to-visible wave 
length range can be mixed with wavelength converted light 
emitted from phosphor particles having absorbed this emis 
sion light to obtain e.g. white light or incandescent color. 
0004 As a light emitting device of this type, for instance, 
an SMD (surface mounted device) structure is known. In the 
SMD structure, the chip of a nitride light emitting element is 
covered with a sealing layer including transparent resin 
mixed with phosphor particles. 
0005. In the light emitting device of the SMD type, the 
light emitting element is covered with a phosphor-containing 
sealing layer. Part of blue light from the light emitting ele 
ment excites phosphor particles, which emit yellow light as 
wavelength converted light. The other part of the blue light is 
transmitted through the sealing layer or scattered. The yellow 
light and the blue light are mixed into artificial white light. 
Beams of the artificial white light are emitted in all directions. 
Among them, the light beam directed toward the mounting 
member bonded with the chip is difficult to sufficiently reflect 
toward the light extraction side. This results in optical loss 
due to multiple reflections occurring inside the light emitting 
device. Thus, in the structure of the light emitting element 
covered with the phosphor-containing sealing layer, there is a 
limit to increasing the efficacy (in units of lm/W) of the light 
SOUC. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1A is a schematic perspective view of a light 
emitting device according to a first embodiment, and FIG. 1B 
is a schematic sectional view taken along line A-A. 
0007 FIG. 2 is a schematic sectional view of a light emit 
ting device according to a reference example: 
0008 FIG. 3 is a graph showing the dependence of the 
relative emission intensity of the yellow phosphor on the 
temperature, 
0009 FIG. 4 is a schematic perspective view of a light 
emitting device according to a second embodiment; 
0010 FIG. 5A is a schematic sectional view of the light 
emitting device according to the second embodiment taken 
along line B-B, and FIG. 5B is a schematic sectional view of 
a variation; 
0011 FIG. 6 is a graph showing the dependence of the 
relative excitation intensity of the blue phosphor on the wave 
length; 
0012 FIG. 7 is a schematic perspective view of the optical 
waveguide of a light emitting device according to a third 
embodiment; 
0013 FIG. 8 is a schematic view of a light emitting device 
according to a fourth embodiment; 
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0014 FIG.9A is a schematic plan view of a light emitting 
device according to a fifth embodiment. FIG.9B is a sche 
matic sectional view taken along line D-D; 
0015 FIG. 10 is a schematic perspective view of a fog 
lamp using the light emitting device of this embodiment; 
0016 FIG. 11 is a schematic view of a lightbulb using the 
light emitting device of this embodiment; 
0017 FIG. 12 is a schematic sectional view of a street light 
using the light emitting device of this embodiment; 
0018 FIG. 13A is a schematic perspective view of a light 
emitting device according to a sixth embodiment, FIG. 13B is 
a schematic sectional view taken along line E-E, and FIG. 
13C is a graph of light distribution characteristic: 
0019 FIG. 14 is a schematic perspective view of a light 
emitting device according to a comparative example; 
0020 FIG. 15A is a schematic perspective view of a light 
emitting device according to a variation of the sixth embodi 
ment, FIG. 15B is a schematic sectional view taken along line 
F-F, and FIG. 15C is a graph of light distribution character 
istic; 
0021 FIG. 16A is a schematic perspective view of a light 
emitting device according to a seventh embodiment, FIG. 
16B is a schematic sectional view taken along line H-H, and 
FIG.16C is a graph of light distribution characteristic; and 
0022 FIG. 17A is a schematic view describing the bright 
ness distribution of an LCD-BLU using the light emitting 
device according to the seventh embodiment. FIG. 17B is a 
schematic view describing the brightness distribution of an 
LCD-BLU using a CCFL (cold cathode fluorescent lamp). 

DETAILED DESCRIPTION 

0023. In general, according to one embodiment, a light 
emitting device includes a light source capable of emitting 
emission light, a first phosphor layer and an optical 
waveguide. A first phosphor layer has at least a first Surface 
and a second Surface on an opposite side of the first Surface, 
extends in a light guiding direction, and is capable of absorb 
ing the emission light and emitting first wavelength converted 
light having a longer wavelength than the emission light. The 
optical waveguide has a reflector. And the optical waveguide 
includes an input Surface of the emission light, a reflection 
surface being in contact with the first surface of the first 
phosphor layer and provided on a surface of the reflector, and 
an output Surface spaced from the first phosphor layer. The 
reflection surface and the output surface extend in the light 
guiding direction. 
0024. Embodiments of the invention will now be 
described with reference to the drawings. 
0025 FIG. 1A is a schematic perspective view of a light 
emitting device according to a first embodiment. FIG. 1B is a 
schematic sectional view taken along line A-A. 
0026. The light emitting device 5 includes a light source 
10, an optical waveguide 50 spaced from the light source 10, 
and a first phosphor layer 14. 
0027. The light source 10 inputs emission light 10a to the 
input surface 50a of the optical waveguide 50. The light 
source 10 can be e.g. an LED (light emitting diode) or LD 
(laser diode) made of a nitride semiconductor material 
capable of emitting emission light 10a in the ultraviolet-to 
visible wavelength range. In the case of LD, the size of the 
emission spot can be set to 10 Lum or less, and the emission 
light 10a can be narrowed to e.g. a vertical full width at half 
maximum of 30 degrees and a horizontal full width at half 
maximum of 10 degrees. Thus, a sharp beam is easily 
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obtained. This facilitates converging the light with a lens 18 
having a diameter of several mm so as to be reliably inputted 
into the optical waveguide 50. Here, in the example shown in 
FIGS. 1A and 1B, the LD chip is mounted on a CAN package. 
However, the package is not limited thereto. 
0028. The optical waveguide 50 includes a reflector 40. 
The optical waveguide 50 includes at least an input surface 
50a of the emission light 10a, reflection surfaces 40a, 40b, 
40c each provided on the inner surface of the reflector 40, and 
an output surface 50b. The reflection surfaces 40a, 40b, 40c 
and the output surface 50b of the optical waveguide 50 extend 
in the light guiding direction 60. Furthermore, the optical 
waveguide 50 can include an optical waveguide body 30 
including at least a first surface 30a and a second surface 30b. 
Then, the emission light 10a can be guided into the optical 
waveguide 50 more reliably. The optical waveguide body 30 
is made of a transmissive material Such as transparent resin 
and glass. Alternatively, the optical waveguide body 30 may 
be an air layer. Here, in FIG. 1A, in the reflector 40, the lower 
portion on the reflection surface 40b side (the portion of the 
dashed line) is omitted. 
0029. For instance, the width W of the optical waveguide 
body 30 can be set to 1.5 mm, and the height H can be set to 
1.5 mm. The length of the optical waveguide 50 along the 
light guiding direction 60 can be set to e.g. 60 mm. Thus, the 
first phosphor layer 14 is caused to extend along the light 
guiding direction 60. This can decrease the density of light 
from the spaced light source 10 and Suppress saturation in the 
phosphor. The shape of the optical waveguide 50 is not lim 
ited to a rectangular solid. Here, the input surface 50a is 
defined as the surface of the optical waveguide body 30 
opposed to the light source 10. Even in the case where the 
optical waveguide body 30 is an air layer, the input surface 
50a is assumed to lie at the same position. 
0030 The reflector 40 can be made of a metal material 
Such as aluminum, and its Surface can be mirror-finished into 
reflection surfaces 40a, 40b, 40c. Alternatively, the reflector 
40 may be made of a reflective sheet laminated to a material 
having low reflectance. 
0031. Incident light beams G1-G5 are inputted from the 
input surface 50a of the optical waveguide body 30 and 
guided at different angles in the optical waveguide body 30 
toward the surface opposed to the input surface 50a. The first 
phosphor layer 14 can absorb the incident light beams G1-G5 
and emit first wavelength converted light Gy having a longer 
wavelength than the emission light 10a. In the case where the 
wavelength of the emission light 10a lies in the ultraviolet 
to-blue wavelength range, the first phosphor layer 14 can 
include silicate-based yellow phosphor particles. The first 
surface 14a of the first phosphor layer 14 is provided along 
the light guiding direction 60 in contact with or close to e.g. 
the reflection surfaces 40a, 40b, 40c. The first phosphor layer 
14 can be formed by dispersing phosphor particles in e.g. 
transparent resin or glass, which is then applied to the inner 
surface of the reflector 40 and cured. 
0032. Alternatively, phosphor particles may be provided 
on the reflection surfaces 40a, 40b, 40c by direct coating or 
printing. In this case, Small gaps may occur among the phos 
phor particles, and the reflection surfaces 40a, 40b, 40c may 
be exposed through the gaps. Nevertheless, the layer of the 
phosphorparticles is herein referred to as first phosphor layer 
14. 

0033. Here, in FIG. 1B, the output surface 50b is assumed 
to represent the second surface 30b of the optical waveguide 
body 30. Even in the case where the optical waveguide body 
30 is an air layer, among the Surfaces including the upper end 
of the reflector 40, the surface in no contact with the first 
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phosphor layer 14 and capable of transmitting the emission 
light 10a and the first wavelength converted light Gy is 
referred to as output surface. That is, the first phosphor layer 
14 is provided so as to extend in the light guiding direction 60 
while being spaced from the output surface 50b. 
0034. Next, the operation of the optical waveguide 50 is 
described with reference to FIG. 1A. The emission light 10a 
from the light source 10 is introduced from the input surface 
50a. The incident light beams G1, G2. G3 introduced into the 
optical waveguide body 30 are reflected by V-grooves 31 
provided on the first surface 30a of the optical waveguide 
body 30 and outputted from the output surface 50b to the 
outside. In this case, the intensity distribution of the outputted 
emission light can be controlled by appropriately selecting 
the shape and spacing of the V-grooves 31. 
0035. The introduced incident light beams G4, G5 travel 
along the light guiding direction 60 while repeating reflec 
tions. That is, at the second surface 30b, the light is reflected 
by e.g. total reflection at the interface between the optical 
waveguide body 30 and the outside. At the first surface 30a, 
the light is reflected by the optical waveguide body 30, or by 
the reflection surfaces 40a, 40b, 40c. 
0036). If the refractive index difference between the optical 
waveguide body 30 and the first phosphor layer 14 is reduced, 
the reflection at the interface is reduced. This facilitates input 
of the incident light beams G4, G5 into the first phosphor 
layer 14. Part of the incident light G4, G5 excites the first 
phosphor layer 14 and generates first wavelength converted 
light Gy. The first wavelength converted light Gy includes a 
component emitted from the first phosphor layer 14, trans 
mitted through the optical waveguide body 30 without the 
intermediary of the reflector 40, and emitted from the output 
surface 50b, and a component reflected by the reflector 40, 
transmitted through the first phosphor layer 14 and the optical 
waveguide body 30, and emitted from the output surface 50b. 
These components of the first wavelength converted light Gy 
can be combined and uniformly distributed along the light 
guiding direction 60 on the output surface 50b. 
0037 Among the incident light beams G4, G5, the light 
beam not contributing to excitation is reflected by the reflec 
tion Surface 4.0a and further travels along the light guiding 
direction 60. Here, the emission light 10a can travel along the 
light guiding direction 60 while repeating reflections also 
between the reflection surfaces 40b, 40c. Then, the emission 
light 10a is directly outputted, or excites the first phosphor 
layer 14. 
0038. The emission light 10a can be blue light with a 
wavelength of 450 nm, and the first phosphor layer 14 can be 
made of yellow phosphor of a silicate material. Then, the first 
wavelength converted light Gy can be yellow light with a 
wavelength near 560 nm. As a result, the light emitting device 
5 emits blue light Gb and yellow light Gy from the output 
surface 50b. Thus, the light emitting device 5 serves as a 
linear light source capable of emitting e.g. artificial white 
light as mixed light of the blue light Gb and the yellow light 
Gy. 
0039 FIG. 2 is a schematic sectional view of a light emit 
ting device according to a reference example. 
0040. The light emitting device includes a light source 
110, a yellow phosphor layer 114, an optical waveguide 150, 
and an optical waveguide body 130. The optical waveguide 
150 includes a reflector 140. The optical waveguide 150 
includes an input surface 150a of emission light, reflection 
surfaces 140a, 140b, 140c each provided on the surface of the 
reflector 140, and an output surface 150b. The reflection 
surfaces 140a, 140b, 140c and the output surface 150b extend 
in a first direction 160. 
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0041. Three surfaces of the optical waveguide body 130 
are respectively in contact with the reflection surfaces 140a, 
140b, 140c. On the remaining one surface of the optical 
waveguide body 130, the yellow phosphor layer 114 is pro 
vided in contact therewith. The upper surface of the yellow 
phosphor layer 114 constitutes the output surface 150b. 
V-grooves 131 are provided on the lower surface of the optical 
waveguide body 130 and can reflect the emission light from 
the light source 110 toward the output surface 150b. 
0042. The yellow phosphor layer 114 is excited by irra 
diation with the emission light from the light source 110 and 
emits yellow light as wavelength converted light. Among the 
beams of the wavelength converted light, the light beam 
directed upward is denoted by gy1, and the light beam 
directed downward is denoted by gy2. The yellow light gy1, 
gy2 is more likely to spread than the emission light from the 
light source 110. Because the phosphor layer 114 and the 
reflector 140 are spaced from each other, the yellow light gy2 
spread downward further spreads while traveling upward 
after being reflected by the reflection surface 140a. 
0043. Thus, the light spread in the first direction 160 and in 
the plane orthogonal to the first direction 160 is made more 
prone to multiple reflections in the optical waveguide 150. 
For instance, the light is attenuated with Fresnel reflections 
repeated at the interface between the optical waveguide body 
130 and air. Furthermore, the light reflected by the reflection 
surface 140 is also attenuated by multiple reflections. That is, 
optical loss increases in the optical waveguide 150 due to 
multiple reflections including Fresnel reflections. 
0044. In contrast, in this embodiment, the first surface 14a 
of the first phosphor layer 14 is provided in contact with the 
reflection surfaces 40a, 40b, 40c. The thickness of the first 
phosphor layer 14 can be made smaller than the height H of 
the optical waveguide 50. For instance, in the case where the 
height H of the optical waveguide body 30 is 1.5 mm, the 
thickness of the first phosphor layer 14 can be set to e.g. 0.2 
mm. That is, a thin first phosphor layer 14 is provided in 
contact with the reflection surfaces 40a, 40b, 40c opposite to 
the output surface 50b. Hence, the spread of the component of 
the first wavelength converted light Gy reflected by the reflec 
tion Surface 4.0a can be reduced and made close to the spread 
of the directly emitted component of the wavelength con 
verted light Gy. Thus, the spread of the wavelength converted 
light Gy is suppressed. Hence, the optical loss due to multiple 
reflections is reduced, and mixed light including artificial 
white light is emitted efficiently. The first phosphor layer 14 
acts so that the wavelength converted light Gy is emitted from 
the reflection surfaces. Thus, this embodiment can be referred 
to as being based on phosphor excitation of the reflection 
type. 
0045 FIG. 3 is a graph showing the dependence of the 
relative emission intensity of the yellow phosphor on the 
temperature. 
0046. The vertical axis represents relative emission inten 
sity with the emission intensity at 0°C. normalized to 1. The 
horizontal axis represents temperature (C.). It is assumed 
that the yellow phosphor is a silicate phosphor. The relative 
emission intensity decreases to generally 0.8 at 100° C. and 
generally 0.4 at 140°C. That is, the yellow phosphor under 
goes temperature quenching. For instance, in the case of the 
light emitting device of the SMD type, the phosphor layer is 
provided so as to cover the light emitting element chip. This 
results in large temperature increase and causes the problem 
of temperature quenching. 
0047. In contrast, in this embodiment, the first phosphor 
layer 14 is spaced from the light emitting element 10. Hence, 
the temperature increase is Suppressed. Furthermore, even if 
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the first phosphor layer 14 absorbs excitation light, heat is 
easily dissipated through the reflector 40 extending in the 
light guiding direction 60. Accordingly, the temperature 
quenching is Suppressed, and high emission intensity is easily 
maintained. 
0048 FIG. 4 is a schematic perspective view of a light 
emitting device according to a second embodiment. 
0049. The light source 10 used in this embodiment is an 
LED or LD made of a nitride semiconductor material capable 
of emitting blue-violet emission light 10a having a wave 
length near 405 nm. 
0050. In this description, the term “blue-violet” is defined 
as the wavelength range of 365 nm or more and shorter than 
(less than) 410 nm. The term “blue” is defined as the wave 
length range of 410 nm or more and 480 nm or less. The term 
“yellow' is defined as the wavelength range of 540 nm or 
more and 570 nm or less. 
0051. The light emitting device 5 further includes a second 
phosphor layer 16 provided so as to cover the first phosphor 
layer 14. The second phosphor layer 16 includes blue phos 
phor capable of absorbing the emission light 10a and emitting 
second wavelength converted light Gb. The wavelength of the 
second wavelength converted light Gb is longer than the 
blue-violet wavelength of the emission light 10a and shorter 
than the wavelength of the first wavelength converted light 
Gy. 
0.052 FIG. 5A is a schematic sectional view of the light 
emitting device according to the second embodiment taken 
along line B-B. FIG. 5B is a schematic sectional view of a 
variation. 
0053. In FIG. 5A, the second phosphor layer 16 is pro 
vided throughout the side surfaces of the optical waveguide 
body 30. In FIG. 5B, the second phosphor layer 16 includes a 
first Surface and a second Surface. The first Surface is in 
contact with the second surface 30b of the optical waveguide 
body 30. The second surface (output surface 50b) of the 
second phosphor layer 16 is the rear surface of the second 
phosphor layer 16. Furthermore, the output surface 50b is a 
region (with width W) spaced from the first phosphor layer 
14. 
0054 FIG. 6 is a graph showing the dependence of the 
relative excitation intensity of the blue phosphor on the wave 
length. 
0055. The vertical axis represents relative excitation inten 
sity, and the horizontal axis represents wavelength (nm). The 
blue phosphoris excited by emission light having an emission 
wavelength of 405 nm, and the emission spectrum of the blue 
phosphor has a peak near 450 nm. As such blue phosphor, for 
instance, a material made of apatite can be used. If the first 
wavelength converted light Gy is yellow light having a wave 
length near 560 nm, the relative excitation intensity of the 
blue phosphor at a wavelength of 560 nm is as low as gener 
ally 0.05. That is, yellow light is not significantly absorbed by 
the blue phosphor, and its optical loss can be reduced. 
0056. In FIG. 4, incident light beams G1-G5 are inputted 
from the input surface 50a of the optical waveguide body 30 
and travel in different directions in the optical waveguide 
body 30. In the process of traveling in the optical waveguide 
body 30, the incident light beams G1, G2. G3 among the 
incident light beams G1-G5 reach and irradiate part of the 
second phosphor layer 16 and excite the phosphor in the 
irradiated region. Thus, the second wavelength converted 
light Gb is emitted from the output surface 50b. 
0057. On the other hand, part of the incident light (G4, G5) 

is reflected in the irradiated region of the phosphor layer 16 
without contributing to excitation of the phosphor. The inci 
dent light G4, G5 reaches a different region of the phosphor 
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layer 16 and excites the phosphor, or does not contribute to 
excitation but travels along the light guiding direction 60 
while increasing the excitation-emission region by further 
repeating reflection. Furthermore, part of the incident light 
G4, G5 excites the first phosphor layer 14 and generates first 
wavelength converted light Gy. The first wavelength con 
verted light Gy is emitted from the reflection surface 40a 
toward the output surface 50b while spreading. If the first 
phosphor layer 14 includes yellow phosphor and the second 
phosphor layer 16 includes blue phosphor, then as shown in 
FIG. 6, the amount of yellow light absorbed by the second 
phosphor layer 16 is small. Thus, the optical loss is reduced, 
and mixed light including artificial white light can be 
obtained efficiently. 
0058 FIG. 7 is a schematic perspective view of the optical 
waveguide of a light emitting device according to a third 
embodiment. 
0059. The light emitting device includes an optical 
waveguide plate 52 including a plurality of optical 
waveguides capable of guiding a plurality of emission light 
beams. Thus, the light emitting device can be used as a planar 
light source. Incident light to the side surface 52a of the 
optical waveguide plate 52 may be emission light of an LED 
converged by a lens. However, use of an LD facilitates con 
Verging the light. 
0060 FIG. 8 is a schematic view of a light emitting device 
according to a fourth embodiment. 
0061 The first (yellow) phosphor layer 14 is provided on 
the reflection surface of the reflector 40. An optical 
waveguide plate 52 is provided on the first phosphor layer 14. 
Light sources 70, 71 each composed of eight blue LDs are 
arranged on both side surfaces 52a, 52b of the optical 
waveguide plate 52. Each emission light is converged by a 
lens and introduced into the side surface 52a, 52b. 
0062) If the light source 10 is an LD, the blue light intro 
duced from the side Surface 52a does not significantly spread. 
The blue light travels in a band-like pattern while being dif 
fused by an optical film 53 provided on the upper surface of 
the optical waveguide plate 52. Part of the blue light directed 
toward the lower surface is turned into yellow light as first 
wavelength converted light by the first phosphor layer 14 and 
outputted from the upper surface of the optical film 53. The 
remaining blue light GB not contributing to excitation is also 
outputted from the upper surface of the optical film 53 and 
mixed with the yellow light into artificial white light. 
0063. In this case, the optical axis of the light source 70a 
and the optical axis of the light Source 71a can be generally 
aligned with a line parallel to line C-C. Then, by simultaneous 
lighting, a band-like artificial white light emitting pattern 
parallel to the light guiding direction 60 can be obtained. 
Furthermore, by simultaneous lighting sequentially from the 
side of the light sources 70a, 71a, scan lighting of the light 
emitting pattern of band-like regions M, N can be realized. On 
the other hand, lighting an LD on one side enables local 
dimming partitioned horizontally into two parts and verti 
cally into eight parts. For instance, if the light source 70a is 
lighted, only the upper left region K is lighted. 
0064. The band-like light emitting pattern facilitating such 
scan lighting and local dimming is difficult to realize by an 
LED light source having wide light distribution. More spe 
cifically, the light emitting area of an LED is as large as 0.5 
mmx0.5 mm. Hence, the size of the converging lens is made 
large. Furthermore, the shape of the optical waveguide plate 
needs to be processed in order to Suppress the spread of light, 
which increases the cost. 
0065. In contrast, this embodiment uses LDs having small 
emission spot size. Hence, even with an optical waveguide 
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plate as thin as approximately 2 mm, optical coupling with 
high coupling efficiency is easily realized. That is, the light 
emitting device has high productivity, and consequently 
facilitates cost reduction. 
0.066 FIG.9A is a schematic plan view of a light emitting 
device according to a fifth embodiment. FIG.9B is a sche 
matic sectional view taken along line D-D. 
0067. On the lower surface side of the optical waveguide 
plate 52, the first phosphor layer is not provided, but only the 
reflector 40 is placed. Eight light sources 70 made of blue LD 
are arranged on the side Surface 52a of the optical waveguide 
plate 52, and eight light Sources 71 are arranged on the side 
surface 52b. Blue light from the light source 70 is converged 
in the cross section of FIG. 9B, passes through a lens for 
widening the light distribution in the plane of FIG. 9A, and 
then is introduced from the side surface 52a. On the reflector 
41a with the eight light sources 70 arrayed thereon, a first 
phosphor layer 15a is provided on the portion except the 
bonding region of the light sources 70. 
0068. On the reflector 41b with the eight light sources 71 
arrayed thereon, a first phosphor layer 15b is provided on the 
portion except the bonding region of the light sources 71. 
Furthermore, a reflector 41c provided with a first phosphor 
layer 15c is provided close to the side surface 52c, and a 
reflector 41d provided with a first phosphor layer 15d is 
provided close to the side surface 52d. 
0069 Blue light emitted from the light source 70 is input 
ted from the side surface 52a and spread in the optical 
waveguide plate 52. The blue light is then uniformly output 
ted from the upper surface of the optical waveguide plate 52 
and also outputted from the side surface 52b. The blue light 
outputted from the side surface 52b excites the first phosphor 
layer 15b provided on the reflector 41b. The wavelength 
converted yellow light is inputted from the side surface 52b to 
the optical waveguide plate 52. As a result, artificial white 
light occurs in a wide region on the side surface 52b side and 
contributes to planar light emission. Also on the side Surface 
52a side, artificial white light can be obtained likewise. 
0070 Ifan LED array light source of the edge light type is 
used as a light source, its optical output is far lower than that 
of LD. Hence, a larger number of LEDs need to be arranged. 
This increases absorption loss of blue light on the opposite 
side. Furthermore, the area for providing the first phosphor 
layer is decreased, and yellow light cannot be emitted suffi 
ciently. 
(0071. In contrast, this embodiment uses blue LDs. Thus, 
the bonding area of blue LDs is small relative to the total area 
of the reflector 41. This reduces the absorption loss due to 
blue LDS and facilitates increasing the application area of the 
first phosphor layer. 
0072 The blue light propagated in the optical waveguide 
plate 52 to the side surface 52c excites the first phosphor layer 
15c to generate yellow light. Thus, artificial white light occurs 
in a wide region on the side surface 52c side. The blue light 
propagated in the optical waveguide plate 52 to the side 
surface 52d excites the first phosphor layer 15d to generate 
yellow light. Thus, artificial white light occurs in a wide 
region on the side surface 52d side. The optical loss in the 
reflectors 41c, 41d is low because no light source is provided 
thereon. 
0073. By such a structure, blue light and yellow light 
inputted from the four side surfaces 52a, 52b, 52c, 52d of the 
optical waveguide plate 52 are outputted through the optical 
film 53. Thus, artificial white light can be obtained with high 
efficacy. The chromaticity of the artificial white light is deter 
mined as mixture of the blue component directly outputted 
from the optical waveguide plate 52, the yellow component 
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wavelength-converted near the side Surfaces, and the 
reflected component of the blue light. The color unevenness 
near the blue LD can be alleviated by decreasing the pattern of 
the optical waveguide plate 52 in that portion. In this embodi 
ment, the first phosphor layer 15 is applied only on the side 
surface of the optical waveguide plate 52. Hence, its amount 
can be reduced, enabling cost reduction. 
0074 FIG. 10 is a schematic perspective view of a fog 
lamp using the light emitting device of this embodiment. 
0075. In this example, the light emitting device 5, which is 
a linear light source of one of the first and second embodi 
ments, is applied to a fog lamp. As compared with an array 
light Source based on spaced LEDs, a linear light Source can 
be realized with high efficacy and no granular feeling. The 
light emitting device 5 is placed in a lamp body 80. The 
emission light of the light emitting device 5 can be smoothly 
radiated as a beam via a reflector 82. The front side is covered 
with a transparent cap 81. This structure is also applicable to 
high intensity head lamps. Furthermore, by changing the 
arrangement of a plurality of linear light sources, this struc 
ture is applicable to spotlights for various purposes. 
0076 FIG. 11 is a schematic view of a lightbulb using the 
light emitting device of this embodiment. 
0077. The light bulb includes a light source 10, a first 
phosphor layer 14, a reflector 42, and an optical waveguide 
body 30. The optical waveguide body 30 is made of e.g. a 
glass tube sealed at its cylindrical tip. A first (yellow) phos 
phor layer 14 is applied to the first surface 30a, or inner edge, 
of the optical waveguide body (glass tube) 30. The first sur 
face 14a, or inside, of the first phosphor layer 14 is in contact 
with the white reflector 42. The light source 10 is a blue LD. 
The blue light is introduced into the portion of the glass tube 
having an annular cross section, and guided along the light 
guiding direction 61 lying on the central axis of the glass tube. 
0078. In this case, the reflection surface is the surface of 
the columnar reflector 42 packed inside. The first phosphor 
layer 14 is provided so as to surround the surface of the 
reflector 42. Thus, artificial white light is emitted radially (in 
all directions of 360 degrees) from the second surface 30b, or 
outer edge, of the optical waveguide body 30. A bulb 87 and 
a base 86 are provided so as to enclose this linear light source. 
Thus, a lightbulb having the same outline as a filament light 
bulb can be realized. Here, a blue-violet LD can also be used 
as the light source 10. In this case, blue phosphor is provided 
on the outer edge of the glass tube. As compared with the 
structure of using an LED as a light source and applying 
phosphor entirely inside the bulb, the amount of phosphor 
used is reduced, and the efficacy is increased more easily. 
007.9 FIG. 12 is a schematic sectional view of a street light 
using the light emitting device of this embodiment. 
0080. The street light includes a light source 10 made of 
e.g. an excitation LD array, an optical fiber 95, an optical 
waveguide plate 52, a first phosphor layer 14, a reflector 40, a 
heat radiator 91, and a power supply 94. The reflector 40 in 
contact with the first phosphor layer 14, and the optical 
waveguide plate 52 constitute an optical section. The optical 
section is provided in the upper portion of the post 93 of the 
street light. Thus, the upper portion of the street light can be 
made lightweight. 
0081. On the other hand, the light source 10, the heat 
radiator 91, and the power supply 94 are provided inside the 
lower portion of the post 93. This facilitates maintenance of 
the light source 10 and the power supply 94. The emission 
light from the light source 10 is converged by a lens 92, passes 
through e.g. a lens and the optical fiber 95, and is introduced 
into the side surface of the optical waveguide plate 52. Thus, 
artificial white light can be emitted. Here, the light source 10 
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may be an LED array or OLED (organic LED). Furthermore, 
the emission light from the light source 10 provided in the 
lower portion of the post 93 may be propagated in air instead 
ofusing the optical fiber. 
I0082. The first to fifth embodiments provide light emitting 
devices facilitating efficient wavelength conversion using 
phosphors. These light emitting devices can be used for e.g. 
illumination devices, display devices, fog lamps, lightbulbs, 
and street lights. 
I0083 FIG. 13A is a schematic perspective view of a light 
emitting device according to a sixth embodiment. FIG. 13B is 
a schematic sectional view taken along line E-E. FIG. 13C is 
a graph of light distribution characteristic. 
I0084. The light emitting device includes a light source 10 
in the blue-violet-to-blue wavelength range, an optical 
waveguide 50 spaced from the light source 10, and a first 
phosphor layer 14 made of yellow phosphor. The optical 
waveguide 50 includes a reflector 40 and an optical 
waveguide body 30. The light source 10 can bean LED or LD. 
If the light source 10 is an LD, a sharp beam is obtained. This 
facilitates optical coupling to the slim linear optical 
waveguide body 30. 
I0085 For instance, the optical waveguidebody 30 is made 
of a glass rod having a circular cross section with a diameter 
of 2 mm, and having a length of 600 mm. The optical 
waveguidebody 30 has a first surface 30a on the lower surface 
side or lateral surface side. The first phosphor layer 14 is 
provided on the first surface 30a of the optical waveguide 
body 30. The width of the first phosphor layer 14 is 0.2 mm, 
smaller than the width (equal to the diameter, 2 mm) of the 
optical waveguide body 30. Furthermore, the reflector 40 
having e.g. the same width as the first phosphor layer 14 is 
provided on the lower surface of the first phosphor layer 14. 
I0086. The emission light from the light source 10 is input 
ted to the optical waveguidebody 30. Part of the incident light 
irradiates the first phosphor layer 14, which emits yellow light 
Gyas first wavelength converted light. The emission light and 
the first wavelength converted light are directly outputted 
from the output surface, or outputted from the optical 
waveguide body 30 after being reflected by the surface of the 
first phosphor layer 14 and the reflector 40. As a result, a 
linear light Source capable of emitting artificial white light 
can be realized. Here, V-grooves may be provided on the 
lower surface side of the optical waveguide body. However, 
the first wavelength converted light from the slim first phos 
phor layer 14 and the reflected light from the slim reflector 40 
include many components spread and totally reflected at the 
side surface of the optical waveguide body 30. Thus, without 
V-grooves, the light is easily propagated along the light guid 
ing direction 60. 
I0087. This structure facilitates increasing the wavelength 
conversion efficiency because no optical absorber exists near 
the first phosphor layer 14 and the reflector 40. That is, the 
efficacy of the light emitting device is determined by the 
reflectance and absorption coefficient of the thin first phos 
phor layer 14 and the reflector 40, and the wavelength con 
version efficiency of the phosphor layer. 
I0088 As shown in FIG. 13B, the first wavelength con 
verted light emitted from the first phosphor layer 14 having a 
narrow width is emitted from the second surface 30b of the 
optical waveguidebody 30 directly, or after being reflected by 
the reflection surface. The second surface 30b is the surface of 
the optical waveguide body 30 above the dashed line MM. 
The circular cross-sectional shape of the optical waveguide 
body 30 functions as a collimating lens for the slim light 
emitting region for emitting artificial white light. The emis 
sion distribution can be controlled along the light guiding 
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direction 60 by changing the shape of the first phosphor layer 
14 and the reflector 40. FIG. 13C shows the light distribution 
characteristic representing the relative value of luminous 
intensity as viewed in the direction inclined by angle 0 from 
the optical axis 63. As shown in FIG. 13C, the light distribu 
tion characteristic is steep. 
0089 FIG. 14 is a schematic perspective view of a light 
emitting device according to a comparative example. 
0090 The light emitting device according to the compara 

tive example includes a light source 110, an optical 
waveguide body 130, a phosphor layer 114 provided along 
the optical waveguide body 130, and a reflector 141. In this 
case, the light distribution characteristic exhibits a Lambert 
distribution broadened on one side. To narrow the light dis 
tribution characteristic, for instance, an additional optical 
system including a concave mirror 141a on the Surface of the 
reflector 141 needs to be provided on the side opposite to the 
output side. For instance, the cross section of the concave 
mirror 141a is shaped like a parabola, and the emission spot 
is placed at its focus. This facilitates converging the light. 
Alternatively, an additional optical system including a con 
Verging lens may be provided on the output Surface side. 
However, the width of these optical systems is larger than the 
width of the optical waveguide body 130. This increases the 
size of the light emitting device. 
0091. In contrast, in the sixth embodiment, the structure of 
integrating the optical waveguide body 30 with the converg 
ing lens facilitates downsizing of the light emitting device. 
For instance, high input efficiency can be achieved while 
reducing the thickness of the optical waveguide plate to e.g. 
2.5 mm. Such a linear light Source can be used for e.g. an 
LCD-BLU (liquid crystal display's back light unit). Further 
more, the thickness of the optical waveguide plate can be 
further reduced by narrowing the width of the optical 
waveguide body 30. 
0092 FIG. 15A is a schematic perspective view of a light 
emitting device according to a variation of the sixth embodi 
ment. FIG. 15B is a schematic sectional view taken along line 
F-F. FIG. 15C is a graph of light distribution characteristic. 
0093. The first wavelength converted light is totally 
reflected by the curved surface having a parabolic cross sec 
tion provided on the lower surface side of the optical 
waveguide body 30. Then, the first wavelength converted 
light is converged by the curved surface on the upper Surface 
side and emitted from the second surface 30b of the optical 
waveguide body 30. Hence, a steep light distribution charac 
teristic as shown in FIG. 15C is obtained. 

0094 FIG. 16A is a schematic perspective view of a light 
emitting device according to a seventh embodiment. FIG. 
16B is a schematic sectional view taken along line H-H. FIG. 
16C is a graph of light distribution characteristic. 
0095. The first phosphor layer 14 includes two regions 
14a. 14b. The reflector 40 includes two regions 40d, 40e. The 
optical waveguide body 30 can have a circular cross section. 
Then, the first wavelength converted light beams from the two 
regions are converged in different directions. That is, each 
first wavelength converted light beam is directed e.g. 
obliquely upward, and outputted from the second surface 30b 
of the optical waveguide body 30 above the dashed line MM. 
Thus, for instance, a bimodal light distribution characteristic 
as shown in FIG.16C can be realized. 

0096 FIG.17A is a schematic view describing the bright 
ness distribution of an LCD-BLU using the light emitting 
device according to the seventh embodiment. FIG. 17B is a 
schematic view describing the brightness distribution of an 
LCD-BLU using a CCFL (cold cathode fluorescent lamp). 
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0097. The light emitting device according to the seventh 
embodiment has a bimodal light distribution characteristic. 
Even if the thickness T57 of the back light unit 57 is made 
small, the brightness distribution BD1 above the diffusion 
plate 54 can be made uniform. On the other hand, use of the 
CCFL 156 produces peaks in the brightness distribution BD2 
above the light emitting region as shown in FIG. 17B. Hence, 
it is difficult to make the brightness distribution BD2 uniform 
unless the diffusion plate 154 is distanced from the CCFL 
156. That is, the thickness T157 of the back light unit 157 is 
enlarged. 
0098. As described above, the sixth and seventh embodi 
ments and the variation associated therewith can realize a 
very slim linear light source capable of controlling the light 
distribution. 
0099 While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the invention. 

What is claimed is: 
1. A light emitting device comprising: 
a light source capable of emitting emission light; 
a first phosphor layer including at least a first surface and a 

second Surface on an opposite side of the first Surface, 
extending in a light guiding direction, and being capable 
of absorbing the emission light and emitting first wave 
length converted light having a longer wavelength than 
the emission light; and 

an optical waveguide having a reflector and including an 
input Surface of the emission light, a reflection Surface 
being in contact with the first surface of the first phos 
phor layer and provided on a surface of the reflector, and 
an output Surface spaced from the first phosphor layer, 
the reflection Surface and the output Surface extending in 
the light guiding direction. 

2. The device according to claim 1, further comprising: 
an optical waveguide body having a rectangular cross sec 

tion with a first Surface and a second Surface extending in 
the light guiding direction, 

the first surface of the optical waveguide body being in 
contact with the second surface of the first phosphor 
layer, and 

the second Surface of the optical waveguide body lying on 
the output Surface side. 

3. The device according to claim 2, wherein the first surface 
of the optical waveguide body is provided with a groove 
capable of reflecting the emission light toward the output 
Surface. 

4. The device according to claim 2, wherein the optical 
waveguide body is one of glass, transparent resin, and air. 

5. The device according to claim 2, wherein 
the emission light has a wavelength in a blue light wave 

length range, and 
the first wavelength converted light has a wavelength in a 

yellow light wavelength range. 
6. The device according to claim 2, further comprising: 
a second phosphor layer having a first Surface and a second 

Surface and being capable of absorbing the emission 
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light and emitting second wavelength converted light 
having a wavelength longer than wavelength of the 
emission light and shorter than wavelength of the first 
wavelength converted light, 

the first Surface of the second phosphor layer being pro 
vided in contact with the second surface of the optical 
waveguide body, 

the second Surface of the second phosphor layer constitut 
ing the output Surface, 

the wavelength of the emission light lying in a blue-violet 
light wavelength range, 

the wavelength of the first wavelength converted lightlying 
in a yellow light wavelength range, and 

the wavelength of the second wavelength converted light 
lying in a blue light wavelength range. 

7. The device according to claim 6, wherein the second 
phosphor layer covers all side surfaces of the optical 
waveguide body. 

8. The device according to claim 1, wherein the light source 
is a semiconductor laser element. 

9. A light emitting device comprising: 
a light source capable of emitting emission light; 
a tubular optical waveguide body including an input Sur 

face configured to receive the emission light, a first 
Surface constituting an inner edge, and a second Surface 
constituting an outer edge, the first Surface and the sec 
ond Surface extending in a light guiding direction; 

a first phosphor layer including at least a first Surface and a 
second surface on an opposite side of the first surface, 
extending in the light guiding direction, and being 
capable of absorbing the emission light and emitting first 
wavelength converted light having a longer wavelength 
than the emission light, the second Surface being in 
contact with the first surface of the optical waveguide 
body; and 

a reflector being in internal contact with the first surface of 
the first phosphor layer and extending in the light guid 
ing direction, 

the second Surface of the optical waveguide body lying on 
the output Surface side and externally emitting the emis 
sion light and the first wavelength converted light. 

10. The device according to claim 9, wherein the optical 
waveguide body is one of glass, transparent resin, and air. 

11. The device according to claim 9, wherein 
the emission light has a wavelength in a blue light wave 

length range, and 
the first wavelength converted light has a wavelength in a 

yellow light wavelength range. 
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12. The device according to claim 9, wherein the light 
Source is a semiconductor laser element. 

13. A light emitting device comprising: 
a light source capable of emitting emission light; 
a first phosphor layer including at least a first Surface and a 

second Surface on an opposite side of the first Surface, 
extending in a light guiding direction, and being capable 
of absorbing the emission light and emitting first wave 
length converted light having a longer wavelength than 
the emission light; and 

an optical waveguidebody including an input Surface of the 
emission light, a first Surface in contact with the first 
Surface of the first phosphor layer, and an output surface 
spaced from the first phosphor layer, the optical 
waveguide body extending in the light guiding direction, 

the output Surface having a lens curve in a cross section 
orthogonal to the light guiding direction and having a 
wider width than the first phosphor layer, and the first 
wavelength converted light and the emission light being 
converged and emitted from the output Surface. 

14. The device according to claim 13, wherein 
the first phosphor layer includes a first region and a second 

region spaced from each other, 
the first and second regions have narrower widths than the 

optical waveguide body, and 
wavelength converted light from the first region and wave 

length converted light from the second region are con 
verged in different directions by the optical waveguide 
body. 

15. The device according to claim 14, wherein the light 
emitted from the output surface has a bimodal light distribu 
tion characteristic. 

16. The device according to claim 13, further comprising: 
a reflector in contact with the second surface of the phos 

phor layer. 
17. The device according to claim 13, wherein the optical 

waveguide body includes part of a circle in the cross section 
orthogonal to the light guiding direction. 

18. The device according to claim 13, wherein the optical 
waveguide body is one of glass, transparent resin, and air. 

19. The device according to claim 13, wherein 
the emission light has a wavelength in a blue light wave 

length range, and 
the first wavelength converted light has a wavelength in a 

yellow light wavelength range. 
20. The device according to claim 13, wherein the light 

Source is a semiconductor laser element. 
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